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A method and apparatua for the treatment of ditoiden related to decreased myocanlial perfusion and cardiac functioa li provided. 
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stimulating growth of blood vessels in the patient, is administered to the patient 
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METHODS AND DEVICES FOR REDUCING ANGINA 
ENHANCING MYOCARDIAL PERFUSION AND ' 
JNCREASTNr. P^pniAC FIJNmQ^' 



10 



This application claims the benefii of U.S. Pmvisionil appJication 
Ser. No. 60/020.482 filed June 14. 1996. 

" BACKGROTT ND OF TRR TNVENrTinN' 

The field of this invention concerns methods and devices for the 
treatment of disorders related to decreased myocardial perfusion and cardiac 
function, and. in particular, methods and devices for reducing angina pain, 
enhancing myocardial perfusion and/or increasing cardiac function. 

surgical and pharmaceutical procedures have l)een used to 
atxempt to enhance myocardial perfusion and/or cardiac function. One such 
procedure currently being evaluated in human clinical trials is transmyocardial 
laser revascularization (TMLR) in which a laser is directed to the hean and 
traverses the myocardium. Following TMLR. some patients have experienced a 
25 dramatic reduction in angina pain. In addition, in some instances. TMLR has 
resulted in significant improvements in myocardial perfusion and/or cardiac 
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funcUon. In many cases, enhanced perfusion of the heart and/or cardiac function 
have persisted for at least six months. 

TMLR as currently practiced has not shown success in all 
instances, however. Uvds of success rates are also variable. In addition, some 
5 patients, such as. for example, patients with an unprotected anterior myocardium 
or patiems experiencing frank congestive heart failure, are presenily not good 
candidates for receiving TMLR procedures. 

In addition, the mechanism of TMLR is not clearly understood. 
One hypothesis, among others, is that channels in the heart resulting from TMLR 
10 provide oxygenated blood to the diseased myocardium. Another hypothesis is that 
new vessels form in the myocardium surroundujg lased channel resulting from 
TMLR. With respect to the aforementioned hypotheses, investigators haw not 
yet convincingly proved channel persistence or meaningfiil new vessel formation 
and persistence in all eases of TMLR. Accordingly, procedures for forming 
15 channels in the myocardium, such as fomiing channels with different types of 
lasers or mechanical elements, and forming channels in different lengths and 
directions, have also been discussed as alternative procedur« for reducing angina 
pain, enhancing myocardial perfusion or increasing cardiac function. 

Therefore, there exists a need to improve TMLR procedures, 
20 and/or procedures involving the formation of channels in tiie myocardium of the 
heart, to better reduce angina pain, to enhance myocardial perfusion, to increase 
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cardiac function, and/or lo expand ihe pool of patients who could bencfii from 
such procedures. 

SUMMARY OF THE nvJVFNTrn|tf 
5 Methods and devices are disclosed for reducing angina pain, 

enhancing myocardial perfusion and/or increasing cardiac function. The present 
invention is based on the novel recognition by the inventor that the adrainisiiation 
to a patient of angiogenic substances capable of stimulating the growth of blood 
vessels in corabinarion with TMLR procedures and/or procedures for forming 
10 channels in the myocardiuni. can improve the reduction of angina pain, the 
enhancement of myocardial perfusion and/or the increase in cardiac function 
currcmly associated with TMLR procedures. In addition, the inventor has 
recognized that administering angiogenic substances in conjunction with TMLR 
procedures and/or procedures for foming channels in the myocardium can expand 
15 the pool of patients who would benefit from treatment to reduce angina, to 
enhance myocardial perf\ision and/or to increase cardiac function. 

Myocardial perfiision. for the puiposes of this invention. iix;ludes 
blood flow to the heart tissue mcluding myocardium, sub-endocardium, 
endocardhmi, sub-cpicardium. and/or epicardiura. 

Angiogenic substances, for the purposes of this invention, include 
substances capable of stimulating the growth of blood vessels. 
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Channels, for the purposes of this invemion, include holes, lumens 
or passageways, and other perforations in the hean. 

TMLR procedures, for the purposes of this invention, include 
procedures for directing a beam of radiation to heart tissue. 

5 

DETAILED DESCRIPTI ON OF THE nWENTinN 
In aspects of the invention, methods for reducing angina pain, 
cnliancing myocardial perfusion and/or increasing cardiac function include 
directing a beam of radiation for a predetermined time period to the heart of a 

10 patient, and administerizig to the patient at least one angiogenic substance capable 
of stimulating the growth of blood vessels in the patient. In alternacivc 
embodiments of the invention, the method can involve producing the radiation 
from a laser, such as a carbon dioxide laser or other radiation producing elements 
known to those of ordinary skill in the an; and/or forming at least one channel 

15 in the myocardmm. The channel forming step can include forming the channel 
to link cpicardial and endocardial surfaces of the heart. The method can also be 
employed in conjunction with implanting and or removing at least one ventricular 
assist device (VAD). VADs hereinafter can include left, right or bi-venuicular 
assist devices. 

20 In other embodiments of the invention, the angiogenic substance 

capable of stimulating the growth of blood vessels in the patient can inctade an 
angiogenic growth factor. The angiogenic growth factor can include vascular 

4 



"W097/472S3 



PCTA;S97/I0024 



endothelial growth factor (VEGF) vascular pemieability factor (VPF) in native 
and/or non-naUvc fonns. ITie angiogenic growth factor also can include a 
fibroblast growth factor, such as a basic fibroblast growth factor (bFGF or FGF- 
2). in native and/or non-native fonns. and/or acidic fibroblast growth factor 
5 (aFGF or FGF-I). in native and/or non-native forms. Other examples of 
angiogenic substances include, bui are not limited to. platelet-derived growth 
factor (PDGF) such as PDGF-AA, PDGF-BB. and PDGF-AB: heijatocyte growth 
factor/scatter factor (HGF/SF): placenta growth factor: endothelial ceU growth 
factor (ECGF): platelet-derived endothelial cell growth factor (PD-EGGF); and 
30 urokinase plasminogen activator (uPA). Other angiogenic substances for the 
growth of vessels Icnown to those of ordinary skill in the an may be useful in the 
practice of this invention. 

The angiogenic substance can be administered to the patient in a 
variety of ways. Examples of methods of administering the angiogenic substance 

15 include one or mote of the following steps; directly injecting the angiogenic 
substance into the atria, the ventricles, the veins, the arteries, and/or the formed 
channels: applyii^ a slow-release formulation of the angiogenic substance into die 
formed channels; administering a slow-release formulation of the angiogenic 
substance orally, and/or via a skin patch: applying a material, such as a 

20 biologically compatible or incompatible, resorbable or non-resorbable material, 
conucted with the angiogenic substance, over the surface of the heart; and 
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infusing the angiogenic substance into the patient via a pump connected to the 
atria, the ventricles, the veins, the arteries, and/or the formed channels. 

Other examples of methods of administering the angiogenic 
substance include one or more of the followmg steps: implaming a catheter, such 
5 as a slow-release catheter, contacted with the angiogenic substance, into the atria, 
ihc ventricles, and/or the fonncd channels; loading a sleeve, such as an infusion 
sleeve, contacted with the angiogenic substance, over a catheter and introducing 
the catheter into the formed channels: applying bead carriers, such as heparin- 
alginate beads, contacted with the angiogenic substance, over the epicardial and/or 

10 endocardial surfaces of the heart; inserting an implant, such as a fibrin-glue 
implant, contacted with ihe angiogenic substance, between, for example, the aona 
and the myocardium, and/or in other positions of the epicardial and/or endocardial 
surfaces; injecting retroviral and/or non-rcuioviral vectors enclosing a gene for the 
angiogenic substance into the myocardium, arterial walls and/or other areas of 

15 uptake, such as the skin, of the patient; infusing the angiogenic substance into 
veins and/or arteries; and inserting a stem, contacted with the angiogenic 
substance, into the formed channels. The stent can be biologically compatible or 
incompatible, resorbable or non-resorbable. Other methods of administration 
known to those of ordinary skDl in the art may be useful in the practice of this 

20 invention. 

In other aspects of the invention, methods for reducing angina pain, 
and/or enhancing myocardial perfusion and/or cardiac function include forming 
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at least one channel in the myocaidium of a patient, and administering to the 
patient at least one angiogenic subsunce capable of stimulating growth of blood 
vessels in the patiem. In alternative embodiments of the invention, the channel 
forming step can include fonning the channel to link epicardial and endocardial 
5 surfaces of the hean. The method can also be employed in conjunction with 
implaniing and/or removing a VAD. In other embodiments of the invention, the 
angiogenic substances and/or methods for administering the same discussed above 
can be used. 

In still other aspects of the invention, methods for reducing angina 
10 pain, and/or enhancing myocardial perftision and/or cardiac function include 
forming at least one channel in the myocardium of the patient, and inserting into 
the channel at least one stent contacted with one or a mixture of angiogenic 
substances capable of stimulating the growth of blood vessels in the paUent. In 
embodiments of the invention, the stent can be biologically compatible or 
15 incompatible, and the channel forming step can include forming the channel to 
link epicardial and endocardial surfaces of the heart. The method can also include 
implanting and/or removing a VAD. The angiogenic substances and/or methods 
for administering the same discussed above can be used with these aspects of the 
invemion. 

^" *""her aspects of the invention, devices for reducing angina 
pain. and./or enhancing the myocardial perfusion and/or cardiac fimciion of a 
patient are disclosed that include a stent conuctcd with at le«t one angiogenic 
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substance capable of stunulatmg the growth of blood vessels in the patient and 
adapted for insenion into a channel fonned in a myocardiiim of the hean of the 
patient. In embodiments of the invention, the stent can be biologically compatible 
or non-comparible. resorbable or non-resorbable. The devices of the invention 
5 can be self-expanding; and/or can further include an element for expanding the 
stent from a first to a second position. The angiogenic substances discussed 
above can be used in these aspects of the invention. 

In other aspects of the invention, devices for reducing angina in a 
patient and/or enhancing the myocardUl perfusion and/or cardiac fiincuon of a 

10 patient are disclosed that include an element for directing a selected beam of 
radiation for a pre-dctcrmined time period to a hean of the patient, and an 
element for administering to the patient at least one angiogenic substance capable 
of stimulating growth of blood vessels in the patient. The angiogenic substances 
discussed above can be used in these aspects of the invention. 

^ 5UU other aspeas of the invention, devices for reducing angina 
in a patient and/or enhancing the myocardial perfixsion and/or cardiac function of 
a patient are disclosed that include an element for fonning at least one channel in 
a myocardium in a heart of the patient, and an element for administering to the 
patient at least one angiogenic substance capable of stimulating growdi of blood 

20 vessels in the patient. The angiogenic substances discussed above can be used in 
these aspects of die invention. 
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In sum. the present invention benefits from the recognition thai 
TMLR procedures and/or procedures for forming channels in the myocardium can 
be performed in conjunction with the administration of angiogenic substances 
capable of stimulaUng ihe growth of blood vessels in a patient. The methods and 
5 devices of the present invention have several advantages over the prior an. In 
comparison with current TMLR procedures and/or procedures for forming 
channels in the myocardium, the present invention can improve in patients the 
level of angina pain reduction, and/or enhance myocardial perfusion and/or 
cardiac ftmction. Accordingly, the present invention can improve the treatment 

10 of disorders associated with reduced myocardial perfusion such as angina and/or 
improve cardiac functions in patients experiencing diffcrenl levels of heart failure. 
In addition, the present invention can expand the pool of patients who can be 
eligible for TMLR procedures and/or procedures involving the formation of 
channels in the myocardium. 

1^ IJ will be understood that the above description pertains to only 

several embodiments of the present invemion. That is, the description is provided 
by way of illustration and not by way of limiution. The invention is further 
characterized according to the following claims. 
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What Is Claimi^rt 

1. A method for reducing angina in a patient 
comprising: 

directing a selected beam of radiation for a preaetermined time 
5 period to a heart of ihc patient; and 

administering to the paticni at ieast one angiogenic substance 
capable of stimulating growth of blood vessels in the patient. 

2. A method for enhancing myocardial perfiision in a 
0 patient comprising: 

directing a selected beam of radiation for a predetermined time 
period to a heart of the patient; and 

administering to the patiem at least one angiogenic substance 
capable of stimulating growth of blood vessels in the patient. 

5 

3 . A method for enhancing cardiac function in a patient 
comprising: 

directing a selected beam of radiation for a prcdetcnnincd time 
period CO a hean of the patient; and 
0 administering to the patient at least one angiogenic substance 

capable of stimulating growdj of blood vessels in the patient. 
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4. A method for reducing angina in a paiicm 
comprising: 

forming at leasi one channel in a myocardium of the patient; and 
administering co the patient at least one angiogenic subsuincc 
capable of stimulating growth of Wood vessels in the patient. 

5. A method for reducing angina in a patient 
comprising: 

forming at least one channel in a myocardium of the patient; and 
inserting at least one stem contacted with at least one angiogenic 

substance capable of stimulating growth of blood vessels in the patient 

into the channel. 

6. An apparanis for reducing angina in a patient 
comprising: 

a stent conucied with at least one angiogenic substance capable of 
stimulating growth of blood vessels in the patient and adapted for 
insertion into a channel formed in the myocardium of the patient. 
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An apparatus for reducing angina in a paiieni 

comprising: 

means fur directing a selected beam of radiation for a pre- 
determined time period to a hean of the patient; and 

means for administering lo the patient at least one angiogenic 
substance capable of stimulaUng growth of blood vessels in the patient. 

8. An apparatus for reducing angina in a patient 

comprising: 

means for fomiing at least one channel in a myocardium of the 
patient; and 

meaas for administering to the patient at least one angiogenic 
substance capable of stimulating growth of blood vessels in the patient. 
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